The objective of this study was to measure the effect of broiler processing on the prevalence, serotype, and antimicrobial resistance profiles of salmonellae. Twenty U.S. commercial processing plants representing eight integrators in 13 states were included in the survey. In each of four replications, 10 carcasses from one flock were collected at rehang and 10 more carcasses were collected at postchill; each carcass was sampled by whole-carcass rinse. Salmonella organisms were isolated from carcass rinses by standard cultural techniques, serotypes were determined, and the resistance to 15 anti niicrohials was measured. Overall, Salmonella was detected on 72% of carcasses at rehang (ranging from 35 to 97%) and on 20% of carcasses postchill (ranging from 2.5 to 60%). In every instance, a significant (P < 0.05) decrease in Salmonella prevalence was noted between rehang and postchill. The four most common serotypes, accounting for 64% of all Salmonella isolates, were Kentucky, Heidelberg, Typhiniurium, and Typhimurium var. 5 -: most isolates of Kentucky (52%), Heidelberg (79%), and Typhimurium (54%) serotypes were susceptible to all antimicrobial drugs tested. However, only 15% of the Typhimurium var. 5-isolates were pansusceptible; more than one-half of the isolates of this serotype were resistant to three or more drugs. No isolate of any serotype exhibited resistance to amikacin, ceftriaxone, ciprofloxacin, or trimethoprim-sulhimethoxazole These data demonstrate that although processing lessens carcass contamination with Salmonella, antimicrobial-resistant isolates may still be present.
Salmonella can be found on broiler carcasses as a result of contamination at the farm or from cross-contamination within the plant (8, 14) . Cross-contamination can be attributed in part to bacteria lingering on equipment after cleaning and disinfection (13). Processing of poultry generally improves the microbiological quality of carcasses; overall, the numbers of bacteria are lowered (3, 8) , and usually the incidence of Salmonella is lessened (7, 11, 16) .
In the course of processing, different wash steps are used to clean feces and ingesta off carcasses. Most reports show that carcass washing during processing is effective to lower the * Author for correspondence. (10, (23) (24) (25) .
Salmonellae can be separated into serotypes according to cell surface characteristics. Published surveys of serotypes detected on poultry carcasses are often limited to one or two commercial processing plants (2, 4, 7, 17) . Different serotypes may be found on poultry from different farms, processed in different plants, or from different geographic regions. Although some serotypes are recovered more often than others in human clinical samples, all serotypes are thought to have the potential to act as pathogens in humans. The Centers for Disease Control and Prevention publishes a list of the top 20 Salmonella serotypes isolated from human clinical samples yearly (5) . Foodbome salmonellosis is generally a self-limiting disease that lasts from 4 to 7 days; antibiotics are not usually indicated except in cases where the patient is immunocompromised and the organism may spread to sites other than the intestine (5) .
The objective of this study was to determine the prevalence, predominant serotypes, and antimicrobial resistance profiles of salmonellae on broiler carcasses in commercial processing plants in the United States. This was approached by sampling carcasses from 20 different processing plants, geographically spread across 13 states and representing eight different integrated poultry compa- Samples were collected four times from each plant, and sampling events were roughly spaced to represent seasons. Each season was defined as a 10-week period (luring which two plants were visited each week. On each sample day from each plant. 10 carcasses were removed from the shackle line or rehang table at the point where the change was made from the kill tine to the evisceration line. By using plant line speed and timing, the same flock was later examined by removing 10 carcasses after chilling.
Processing plant interventions.
Plants are identified by number (1 through 20). All plants were operating under USDA-FSIS inspection and were using an approved hazard analysis and critical control point (HACCP) plan including a carcass wash or online reprocessing (OLR) system. Carcass wash water was chlorinated in all plants except I. 5. 13, and 17. Chemicals were applied in OLR in all plants but 6 and 7; OLR chemicals for each plant are listed in .tl,MONELLA ON BROILER CARCASSES Carcasses were removed from the line or table with a clean pair of latex gloves for each carcass and placed in a sterile plastic hag with WO ml of sterile buffered peptone water. Carcass rinses were performed by vigorous hand shaking for 60 s prior to pouring the rinsate into sterile specimen cups. Samples were shipped to the laboratory by overnight courier in an insulated container containing frozen ice packs. Upon receipt, the temperature of each sample was taken using an infrared thermometer (Cole Parmer Instruments Co.. Chicago. IL) and recorded. If the sample temperature was below 10C, the sample was used for culture. In cases where the rinses were not within an acceptable temperature range upon receipt, the plant was resampled.
Salmonella culture methods. All samples were cultured for Salmonella by standard FSIS procedures (22) as follows. Each of the 30-ml rinse samples was aseptically mixed with 30 ml of buffered peptone water and incubated for 24 h at 37 C. Following incubation, samples were screened for the presumptive presence of Salmonella by the BAX PCR assay according to the manufacturers instructions (DuPont Qualicon. Wilmington, DE). Positive Salmonella broths from the BAX assay were confirmed by conventional culturing method. Preenriched samples (ItS nil) were transferred to 10 ml of tetrathionate broth (Becton Dickinson, Sparks. MD) and 0.1 ml of sample was transferred to 10 ml of Rappaport -Vass iliadis RIO broth (RV; Becton Dickinson); the enrichment broths were incubated aerobically at 37 C for 24 Ii. Then, one loopfut each of tetrathionate broth and RappaportVassiliadis RIO broth was streaked on modified lysine iron agar (Oxoid. Basingstoke, UK) and brilliant green sulfa agar (Becton Dickinson), and these were incubated aerobically at 37C for 24 h. After incubation, a well-isolated colony with typical Salmonella morphology was picked from modified lysine iron agar and/or brilliant green sulfa agar and screened on triple sugar iron agar (Becton Dickinson) and lysine iron agar (Becton Dickinson) slants by stabbing the agar butts and streaking the slants. Following 18 to 24 h of incubation aerobically at 37 , C, isolates giving typical biochemical reactions were categorized by somatic surface antigens (serology, Becton Dickinson) and flagellar antigen (latex agglutination. Mierogen, Camberley, UK). Two isolates from each positive carcass rinse were sent to the National Veterinary Services Laboratories (Ames. IA) for serotyping.
Antimicrobial resistance determination. Each Salmonella isolate was tested for susceptibility to a panel of IS antimicrobial drugs by the Sensititer system (Trek Diagnostic Systems Inc., Westlake. OH) according to the manufacturer's instructions. Prevalence values in the same row followed by different letters an LlIIIcrcni b\ the chi-square test for independence (P < 0.01).
Antimicrobials included amikacin (AMI), amoxicillin-clavulanic acid (AMO). ampicillin (AMP), cefoxitin (FOX). ceftiofur (TI), ceftriaxone (AXO). chloramphenicol (CHL). eiprofloxacin (dIP), gentamicin (GEN), kanamycin (KAN). nalidixic acid (NAL). streptomycin (STR), sulfamethoxazole-sulfiZOXaZOle (SUL). tetracycline (TET), and trimethoprim-sulfamethOXaZole (TRI
Statistical analysis. The chi-square test for independence was u'cd to colilpare prevalence at rehang to prevalence at postchill within plants and within chemical treatment groups.
RESULTS AND DISCUSSION
.Si/i,ioiiel/a isolates were recovered from 71.8% of carcasses (range, 35.0 to 92.5%) at the rehang station prior 10 evisceration and from 20% of carcasses (range, 2.5 to 60.0%) after the chill tank (Table 2 ). These data confirm earlier reports that poultry processing is effective to lessen bacterial contamination of carcasses (7, 11, 16) . These data also parallel FSIS PR/HACCP verification sampling data that led FSIS to publish 11 initiatives to reduce Salmonella (Table 3) .
Thirty-three Salmonella serotypes were identified during the study. The top 20 serotypes (Table 4) accounted for 99% of the total isolates. The top four serotypes, making up 64% of the total, included Salmonella Kentucky (40.5%), Salmonella Heidelberg (13.2%), Salmonella Typhimurium (7.9%), and Salmonella Typhirnurium var.
5-(3.9%).
Data from the NARMS show the same top two serotypes detected in chicken samples over the last 10 years (19) . The present data do, however, differ from some earlier studies in which Ohio, Senftenberg, Scliwarzengrund, and San Diego were reported as the most common serotypes on poultry in the United States (2, 17) .
The most common serovars of Salmonella reported on broiler carcasses in the United Kingdom and Europe often include Enteritidjs (4, 7) . In the present study, which included 20 large processing plants, Enteritidis was the 14th most prevalent serovar, making up only 1.6% of the total. This is in contrast to the data reported by Altekruse et al.
(1), in whose study large, medium, and small plants were sampled. The results of that study suggested that the Kentucky was the most prevalent serotype reported (20) . However, unlike the data reported herein, the 2006 NARMS report shows that Enteritidis was the second most prevalent serotype isolated from chicken, comprising 13.6% of all isolates (20) . Certainly Enteritidis is one of the most important human clinical serovars. The Centers for Disease Control and Prevention has reported that Salmonella Enteritidis is the second most prevalent serotype reported by public health laboratories to the national Salmonella Surveillance System; Typhimurium is the most common and Newport is the third most common (6) . In light of the fact that serotypes that may cause human disease can be found on broiler carcasses. FSIS continues to monitor the percentage of positive samples in the Salmonella verification sampling program (21) .
Of the 849 isolates in this report, 714 (84%) belonged to the top 10 serotypes. The resistance of these isolates to each of 15 drugs is shown in Table 5 . All isolates were susceptible to AMI, AXO, CIP, and TRI. This is encouraging because although the Centers for Disease Control and Prevention does not recommend antibiotic use for most foodhorne salrq onellosis. CIP and TRI are mentioned as possible treatment options when the organism spreads from the gut to cause a systemic infection (5) . The most common resistances noted were to TET, SUL, and STR. which are all members of drug classes that have been used in animal agriculture for years (9) .
There are serotype-specific differences between the data reported herein and NARMS data from the same time period. For example, in 2006. NARMS reports show that some Salmonella Montevideo isolates were resistant to six drugs but none were resistant to NAL (20) . As shown by the present data, however, Salmonella Montevideo isolates were susceptible to all tested drugs, except for 24.1% of the isolates that were resistant to NAL. The resistant Salmonella Montevideo isolates were recovered from multiple plants (plants 5, 7, and 20) and different flocks. In another example of serotype-specific differences, NARMS reports show more resistance to CHL among Kentucky, Typhimurium, and Typhimuriuni var. 5-than what is observed with the present data. Furthermore, the present data include resistance to SUL in 19.4% of Schwarzengrund isolates while NARMS data for the same period show no resistant Schwarzengrund isolates (20) . These types of differences can be explained by the fact that the two surveys, although conducted in the same general period, may not have covered identical plants and almost certainly included different farms and flocks.
The antimicrobial resistance profiles noted among the four most prevalent scrovars are shown in Table 6 . The majority (>50%) of isolates of serovars Kentucky, Heidelberg, and Typhiniurium were susceptible to all drugs tested, while only 15.2% of Salmonella Typhimurium var. 5- n, number of postchill isolates from all plants using the indicated chemical treatment.
hypothesis that OLR treatment could affect the antimicrobial resistance of salmonellae. However, the data do suggest that more research is needed to study that possibility.
